A general procedure has been established for the synthesis of 11,13-dihydroxy gibberellins. The key steps involve the isomerization of the 19,10 lactone functionality to the 19,2-isomer, bromination at C-1 and C-11, then selective nucleophilic displacement of the 11-bromo substituent by acetate with silver(1) acetate. Reconstitution of the 19,10 lactone functionality was effected by bromolactonization of a ∆ 9 -ene 19-carboxylic acid to give a 9β-bromo 19,10-lactone followed by stereoselective hydrogenolysis of the bromo substituent.
Introduction
Several gibberellins ("GAs") have been isolated from the seeds of immature fruit from loquat (Eriobotrya japonica ), 1 including the 11-hydroxy derivatives GA 35 1, GA 80 2 and GA 84 3, the structures of the latter two gibberellins being established by synthesis of the methyl ester 11 as outlined in Scheme 1.
Scheme 1
The pivotal step in this sequence was the hydroboration of triene 7, whereby addition of borane to the hindered 9(11)-ene functionality is effected intramolecularly following hydroboration of the 16-ene bond. The mass spectra of some of the remaining unidentified GAs (measured on the trimethylsilylated methyl esters) from loquat showed a characteristic signature of a strong peak at m/z 295. 13-Hydroxy GAs typically give rise to a peak at m/z 207/208 due to 
Results and Discussion
On first inspection it appeared that a simple duplication of the sequence outlined in Scheme 1, but starting with GA 3 (12), would be effective. However, experience with the exploratory hydroboration of simple 13-hydroxylated GAs had been discouraging and so we elected to pursue a strategy based on the selective nucleophilic displacement of the allylic 11-bromo substituent on the 13-oxy analogue 16 of dibromide 6 (Scheme 2), expecting that the electronwithdrawing lactone function attached to C-2 would retard substitution of the 1-bromo substituent. To this end, ketone 14 5 was prepared from 12 and treated with trifluoroacetic acid to afford the iso-lactone 15 which, when treated with N-bromosuccinimide and AIBN as the free radical initiator, was transformed into dibromide 16. 6 When allowed to react with silver acetate in acetic acid, this product was converted into the triacetate 17 in a very satisfactory yield (83%). Evidence for the 1,11-dibromo structure 16 came from C-1 and C-11 signals in 13 C NMR spectra at 33.4 and 33.8 ppm as two methines with the corresponding protons at 4.80 and 5.13 ppm respectively. Once substitution at C-11 was achieved, C-11 in 17 was shifted downfield from ca 33 ppm to 66.1 ppm, and H-11 to 5.52 ppm. H-12α in 16 showed a coupling of 6.7 Hz to H-11, but a larger value of 11.0 Hz in 17, consistent with the 11β stereochemistry in the dibromide 16 and the 11α configuration in 17. Having introduced an oxy substituent at C-11, our next task was the restoration of the 19,2-lactone functionality. It appeared to be a reasonable proposition to attempt a reductive elimination of the 1-bromo substituent in 17, but on treatment with zinc metal in THF containing a few drops of acetic acid, diene 18 was obtained. When the reaction was conducted with a high concentration of acetic acid, however, the desired diene acid 19 was obtained. The 1 H NMR spectrum of this product indicated that three acetate groups had been Zn, HOAc Zn, HOAc-THF
OAc

Scheme 2
With a view to reconstituting the A-ring lactone functionality (Scheme 3), selective hydrogenation of the ∆ 1 double bond in 19 was addressed, but proved to be problematical and we had to settle for a mixture of three reduction products: 9-ene 20 and the 1(10)-ene 21 as a mixture of 9-epimers. Separation proved to be difficult so the mixture was subjected to a bromo lactonization process, thereby affording lactone 22 in 68% overall yield accompanied by minor amounts of the lactone mixture 23. Separation was now feasible and removal of bromine from 22 (n-Bu 3 SnH) gave a 4:1 mixture of the desired ent-9α-epimer 25 with the ent-9β-epimer 24. The ent-9α-stereochemistry of 24 was apparent from the "normal" geminal coupling constant for H-5 and H-6 of 10.0 Hz, whereas the equivalent parameter for the minor ent-9β-epimer was 12.2 Hz as observed for other ent-9β-GAs. ent-3α,13-Diacetoxy-1α ,11α -dibromo-2β-hydroxy-16-oxo-17,20-dinorgibberell-9-ene-7,19-dioic acid 19,2-lactone 7-methyl ester (16). A solution of lactone 15 (6.7 g, 15 mmol), NBS (5.9 g, 33 mmol) and AIBN (80 mg) in carbon tetrachloride (350 mL) was heated at reflux for 20 min. The cooled mixture was filtered to remove solid (which was washed with CCl 4 and the solutions combined). The mother liquor was then washed with brine and dried. The pure dibromide 16 was obtained (6.4 g, 70%) by flash chromatography followed by MPLC separation (using ethyl acetate and hexane 1:2 as solvent in both cases), mp 125-126 °C. 1 ent-1α-Bromo-2β-hydroxy-3α,11β,13-triacetoxy-16-oxo-17,20-dinorgibberell-9-ene-7,19-dioic acid 19,2-lactone 7-methyl ester (17) . ent-3α,11β,13-Triacetoxy-16-oxo-17,20-dinorgibberella-1,9-diene-7,19-dioic acid 7-methyl  ester (19) . The bromide 17 (268 mg, 0.46 mmol) and zinc powder (1.0 g, washed with 1 M HCl, water, methanol, ether and dried under high vacuum before use) in acetic acid (15 mL) and THF (5 mL) was stirred at room temperature overnight. -10β-Hydroxy-3α,11β,13-triacetoxy-16-oxo-17,20-dinor-9β-gibberellane-7,19-dioic acid  19,10-lactone 7-methyl ester 24 and ent-10β-hydroxy-3α,11β,13-triacetoxy-16-oxo-17,20-dinorgibberellane-7,19-dioic acid 19,10-lactone 7-methyl ester (25) . The bromide 22 (40 mg, 0.068 mmol), AIBN (4 mg) and tributyltin hydride (0.04 mL) in benzene (15 mL) was heated under reflux for 40 min. The mixture was diluted with ethyl acetate (10 mL), washed with brine and dried. The ent-9β-isomer 24 (4.5 mg, 13%) followed by 25 (22.0 mg, 64%) were obtained by chromatography on silica gel with ethyl acetate and hexane (1:3 
